The performance of the CROPGRO-Drybeans model for the prediction of soil water balance, as well as growth components and bean crop yield, was assessed using data from two field experiments conducted at the State University of Maringá Irrigation Technical Center, Paraná -Brazil, (latitude 23º27'S, longitude 51º57' and altitude 542 m), during the 2005 and 2006 growing season. The model simulations correlated well with measured soil moisture (r > 0.7) for both experiments. However, there were high discrepancies between measured and simulated soil moisture values on the days after rainfall. In addition, it was found that the model exaggerates the effect of water stress during the flowering phase, which leds to underprediction (19 and 29%) of crop yield.
INTRODUCTION
The complexity of the agricultural decision making process has led researchers to develop decision support systems based on computer models. These systems generate information for the various management options considering the local environmental conditions. Growth simulation models are valuable tools for estimating crop yield, considering the various combinations of crop input, environmental factors and management practices. In order to estimate crop yield, agrometeorogical based models simulate the crop development, available soil moisture and the effects of water stress on the crop yield. Some models are classified as dynamic and mechanistic because they describe daily changes on the plant state variables, considering the main morphophysiological processes that occur in the period of simulation. Using simulation, the most suitable strategies can be assessed in each specific condition, such as irrigation management strategies, which can be simulated to predict effects on crop yield and hydrologic components, such as evapotranspiration and crop water requirements. Furthermore, the results of the model can be combined with economic factors to analyze the risks associated with each strategy (Jones & Ritchie, 1990) . Whisler et al. (1986) and Jones & Ritchie (1990) reported a series of crop growth simulation models that can be applied widely, including in irrigation management.
Some simulation models use genetic coefficients as inputs, which permit simulating crop performance in different soils, climate and environmental conditions. Hunt et al. (1993) developed the program Gencalc (genetic coefficient calculator) to facilitate the calculation of the genetic coefficients used in models that are estimated from the field experimental data. The values simulated by the model are compared with the experimental data and the coefficients are adjusted until achieving a close agreement among simulated and field data.
The usefulness of models applied locally can be extended by regional planning and crop yield analysis and using them combined with geographic information systems (Cabelguenne et al., 1995) . Cabelguenne & Jones (1989) and Lal et al. (1993) also used simulation models to define irrigation and management strategies and to study crop economic viability. Scheduling irrigation for maize crop requires knowledge of methods to determine the time of water application. Freitas et al. (2004) and Gedanken (1998) used the Ceres-Maize model to simulate maize crop yield using different irrigation strategies.
In this context, DSSAT (Decision Support System for Agrotechnology Transfer) is a computer system that includes several crop growth models that have been used by many researchers under the most varied climatic and soil conditions, and is an excellent alternative to obtain information that helps in agricultural planning and management (Hoogenboom et al., 1992) . The system DSSAT uses a common soil-water balance module in several models for different crops: maize (CeresMaize), soybean (Cropgro-soybean), the common bean (Cropgrodrybean), wheat (Ceres-Wheat), sorghum (Ceres-Sorghum), rice (Ceres-Rice), barley (Ceres-Barley), sunflower (Ceres-Sunflower) etc. (IBSNAT, 1989) . Meirelles et al. (2003) and Faria & Bowen (2003) pointed inaccuracies of the DSSAT soil-water balance module and suggested changes to improve model prediction. Freitas et al. (2005) observed that CERES-Maize severely penalized yield during periods of water shortage. They also highlighted the need for research to test the soil-water balance model used, requiring research in experimental fields, monitoring the edaphoclimatic conditions and adjustments to the model when necessary and possible. By testing the models, the researchers proved whether the use of certain models in certain regions was reliable.
The objective of this study was to test the soil-water balance module in CROPGRO-Drybean model against field data from experiments conducted with a bean crop under edaphoclimatic conditions of Maringá, Paraná, Brazil.
MATERIAL AND METHODS

Experimental procedures
The present study was carried out at the Irrigation Technical Center at the State University of Maringá, located in Maringá, (latitude 23º 25' S, longitude 51º 57' W and altitude 542 m). The predominant climate in the region, according to the Köppen, is classified as Cfa type, characterized by high rainfall in the summer and dry winter, with 1,673 mm annual mean rainfall. The annual mean temperature in the region is 23.2°C and the air relative humidity is 68%. The predominant soil in the experimental area is classified as Nitossolo Vermelho distroférrico (EMBRAPA, 1999) , with moderate A horizon and clay texture. The relief presented an average slope of 8%.
Two experiments were carried out with a bean crop (Phaseolius vulgaris L.), cultivar IAPAR 81, during the 2005 and 2006 growing seasons, from May 4 to August 15, 2005, and April 12 to July 26, 2006, respectively. The experimental area (720 m 2 ) used was subdivided into 80 experimental units (3.0 x 3.0 m). After sowing, a fixed conventional sprinkler irrigation system was installed using Fabrimar sprinkler, model A232 ECO, at 18 x 15m spacing, covering experimental plots and the border.
Soil moisture was determined by TDR, using 80 probes 0.30 m long in the first experiment and 80 probes 0.20 m length in the second experiment, all installed vertically from the soil surface at the center of each experimental unit. Apparent dieletric constants of the environment (Ka) were measured daily and were then converted into soil moisture  (m 3 m -3 ) using the following relationship (Trintinalha, 2005) .  = (0,842538 -0,725175ds) + (-0,049601 + 0,060353ds)Ka + (0,001044 -0,001061ds)Ka 2
Crop yield (kg ha -1 ) was determined by multiplying plant yield, obtained from ten plant samples collected randomly in each experimental unit, by plant population in each experimental unit. Seeds were manually detached from pods to deter-Soil water balance simulated by CROPGRO-Drybean model for edaphoclimatic conditions in Maringá mine the seed mass, after drying in a ventilated stove at 70°C until constant weight.
Model characteristics
The CROPGRO-Drybean model (Hoogenboom et al., 1994 ) was developed to simulate growth, development and yield of a common bean crop. It considers the plant's main physical and physiological processes, such as photosynthesis, respiration, biomass accumulation and partition, phenology, soil water extraction, evapotranspiration and common bean growth and leaf area development as functions of daily climatological elements (rainfall, solar radiation, maximum and minimum temperature), for the specific conditions of soil. Water storage in the soil and its capacity to supply the plant roots are predicted based on the processes of superficial runoff, water percolation and redistribution in the profile. The model is sensitive to the characteristics of each cultivar, sowing dates, crop spacing and irrigation management options.
Cultivar characteristics are expressed in the model by the genetic coefficients in order to express phenological traits related to growth and development of each genotype. The genetic coefficients for cultivar IAPAR 81 were obtained by interactively adjusting the values of the coefficients until flowering and maturity dates matched the experimental values, and simulated dry matter coincided with measured grain yield.
The genetic coefficients calibrate for the IAPAR 81 cultivar are given in Table 1 . These values are slightly different from the coefficients calibrated for IAPAR 57 (Faria et al., 1997) because IAPAR 81 has a higher yield potential (IAPAR, 2006) .
Besides genetic coefficients of the cultivar IAPAR 81, other inputs for the model were climatological and soil data. The set of daily climatological variables was formed by maximum air temperature, minimum air temperature, rainfall and sunshine hours, which were obtained from INMET meteorological station, located close to the experimental field.
Soil samples were collected from the experimental area to determine the soil inputs (Table 2) . Soil water retention and bulk density were determined from undisturbed samples obtained at metallic ring (5 cm diameter by 5 cm height) and particle size distribution was determined by the Bouyoucos method (Gee & Bauder, 1986) at the Soil Laboratory of the Department of Agriculture, State University of Maringá . The samples were used to determine the soil water retention curve, using the tension table for the potentials between 0 and -6 kPa and a Richards Chamber (Richards, 1948) , for the other processes or potentials. Soil moisture  (m 3 .m -3 ) was obtained as a function of the pre-established tensions (m) kPa. The upper moisture limit (field capacity) was considered as the water content retained at -6 kPa (Reichardt, 1990 ) and the lower limit (permanent wilting point) at -1500 kPa (Figure 1 ).
Simulations were performed for the two growth cycles, for same periods the experiments were carried out.
RESULTS AND DISCUSSION
Rainfall and irrigation
During the experimental period total rainfall plus irrigation for the 2005 and 2006 growing seasons were 332 and 303 mm (Figure 2) . These values meet the crop water requirements during the growing cycle found by other authors conducting experiments in Brazil (Guimarães,1996; Faria, 1989; Silveira & Stone, 2001 * CSDL -critical day length, above which the reproductive development process is not affected (h); PPSEN -response inclination regarding development for the photo phase with time (1 h -1 ); EM-FL -period between plant emergence and the appearance of the first flower (R1) (photothermal days); FL-SH -period between the appearance of the first flower and the first pod (R3) (photothermal days); FL-SD -period between the appearance of the first flower and the start of seed formation (R5) (photothermal days); SD-PM -period between the start of seed formation and physiological maturity (R7) (photothermal days); FL-LF -period between the appearance of the first flower (R1) and the end of leaf expansion; LFMAX -maximum leaf photosynthesis rate at an optimal temperature rate of 30 ºC; SLAVARN -specific leaf area under standard growth conditions (cm 2 ); SIZLF -maximum size of completely expanded leaf (cm 2 ); XFRT -maximum fraction of the daily growth that is partitioned between the seed plots the pod; WTPSD -maximum weight per seed (g); SFDUR -duration of the grain swelling period in the pods, under standard growth conditions (photothermal days); SDPDV -mean seeds per pod, under standard growth conditions (photothermal days); PODUR -time necessary for the cultivar to reach ideal pod conditions (photothermal days) Table 2 . Soil physical characteristics for the 0-30 cm depth of the soil at the experimental area that maximum bean yield is achieved when 300 to 400 mm is available during the cycle, depending on the local edaphoclimatic conditions. The water application uniformity coefficient of the sprinkler system was 80% in the first experiment and 81% in the second experiment, values considered acceptable in a sprinkler irrigation system (Bernardo et al., 2005) . For the 2005 experiment, from emergence to flowering (May 10 to June 15) a total of 147.3 mm was concentrated, which corresponded to 44.4% of the total rainfall of the crop cycle. From flowering to start of pod formation (June 16 to July 15) 83.5 mm well distributed rainfall occurred to fill crop water requirements. According to Guimarães (1996) and Massignam et al. (1998) water shortage at this phase would cause large decreases in yield. Finally, during grain filling, 77 mm of irrigation plus the well distributed rainfall that occurred during the period were sufficient to supply crop water requirements. For the experiments carried out in 2006, the crop received a total of 112.7 mm during emergence to flowering, corresponding to 37.2% of the total rainfall in the crop cycle. From flowering to start of pod formation the crop was supplied with 45.1 mm water, 34.6 mm less than for the 2005 experiment. Finally, from pod formation to maturity the crop had 105.4 mm.
Soil moisture predictions
Simulations of soil moisture at three soil depths, during 2005 and 2006 growing seasons is shown in Figure 3 . Higher variation in soil moisture occurred at the top layer (0-5 cm) because it was most influenced by the climatological factors. During the 2005, the average soil moisture simulated by the model in the top layer was 0.35 cm 3 cm -3 , ranging from 0.23 cm 3 cm -3 to 0.43 cm 3 cm -3 . In 2006, the model simulated average soil moisture equal to 0.34 cm 3 cm -3 , ranging from 0.23 cm 3 cm -3 to 0.43 cm 3 cm -3 .
According to Doorenbos & Kassam (2000) , the conditions that occurred in the 0-5 cm layer were harmful to the plant on the days when the soil moisture was lower than the lower limit, especially right after emergence, when the root system is in the 0-7 cm layer.
The simulated soil moisture for 5-15 cm and 15-25 cm layers presented lower variation, with averages of 0.41 cm 3 cm -3 (minimum of 0.38 cm 3 cm -3 and maximum of 0.45 cm 3 cm -3 ) and 0.40 cm 3 cm -3 (minimum of 0.36 and maximum of 0.45 cm 3 cm -3 ), respectively, for the first and second experiment. Inforzato & Miyasaka (1963) observed 84 and 97% of bean roots were distributed in 0-20 cm layer, respectively for two Alfisols.
The comparison of simulated, weighted soil moisture means from 0-5, 5-15 and 15-30 cm layers with the mean soil moisture measured by the TDR is shown in Figure 4 . In general, predicted values followed the variation of measured soil moisture during both growing seasons, as reflected by the high correlation coefficient (r = 0.70 to 0.74). However, the data distribution around the line 1:1 in Figure 4 indicates discrepancies of estimation, mostly for the experiment in 2006. During the first experiment, 64% of the simulated values were underestimated. The same performance was not observed in the second experiment, when the model overpredicted 74% of measurements (Figure 5) Discrepancies in Figure 4 can be attributed to limitations of the model in properly simulating the water absorption by the soil and soil water distribution, as also observed by Faria & Bowen (2003) when they assessed the performance of the soil-water balance model of the CROPGRO-Drybeans model with soil moisture data measured in bare soil and soil cropped with common bean.
In modeling, validation of the simulated data is extremely important, as suggested by Willmott (1981) . Considering that Rivanildo Dallacort et al.
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